Abstruct-The evaluation of utilizing corn cob as a primary energy resource for electricity generation in Northern Thailand was described. Maize is one of the main crops produced in all provinces of the territory. The productivity of maize is over 2,000,000 tonlyear. Therefore, more than 9,000 GJ/ of energy can be obtained from this agricultural residue annually. In this study, an equilibrium model was developed for evaluation purposes. The effect of moisture content and gasification temperature was also discussed. Besides, the derating of the engine utilized with producer gas was also calculated.
I. INTRODUCTION
T is essential that electricity power supply industry has to I satisfy the demands of the customers while minimizing the impacts on the environment. While traditional energy sources such as coal and fossil fuels are able to meet the energy needs, the pollutant emission from the process has caused highly undesirable effects on the environment. An example is the issue of global warming which is causing much concern.
Biomass is a kind of renewable energy resource that has drawn attention from worldwide as an alternative solution to alleviate the problem of global warming. Due to the photosynthesis process during the plant's growing process, atmospheric carbon dioxide is extracted and bound in the biomass materials. Therefore, net zero carbon dioxide gain can be obtained when biomass is used as a fuel for electricity generation. For developing countries, it may supply over onethird of their energy consumption, and in some cases up to 90% [1]- [3] . One of the high potential biomass materials is agricultural residue. All over the world, the total amount of this kind of biomass is estimated to be over three billion tons Nonetheless, one of the drawbacks of biomass utilization, especially agricultural residues, is that they are dispersed over University, Phitsanulok 65000, Thailand (e-mail: panotew@yahoo.com).
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Che Fung, Member, IEEE large areas. Besides, the agricultural residues are not energy dense, in other words, they are low bulk density and low energy density. Using such a source for large scaled and centralized power plant, therefore, may not be the best choice when high transportation, handling and storage costs are taken into account. Small-scaled utilization, or decentralized power plant, is one solution suitable to mitigate the issues. For such a strategy, the biomass is able to be used near the end-use site lead to minimum transportation cost. As the electricity is generated and utilized at the site, distribution costs and transmission losses are also reduced. Besides, the increase in security of fuel delivery is another advantage for the smallscaled application as only smaller quantity of residues are needed.
Gasification technology is an alternative approach for heat and/or power generation. It is widely accepted that the utilization of the gaseous fuel from' the gasification process, called producer gas, is considerably cleaner than the raw biomass. Also, compared to raw agricultural residue utilization, the producer gas is more convenient when handling and transportation aspects are taken into account.
In this paper, the potential of corn cob utilization for electricity generation by using gasifier engine-generator set is described. An equilibrium model is used to assess the performance of such a system.
CORN COB IN NORTHERN THAILAND
Seventeen provinces altogether constitute the northern territory of Thailand. Maize is one of the most important crops for this area. During the crop year period from 1998/99 to 2000/01, approximately an area of 6,000 km2 per year was devoted for maize plantation. A comparison of the planted area and the quantity of maize is shown in Fig. 1 . This accounted for over 40% of-maize plantation in the country. Also, it is important to note that such an agricultural product was generated in all the seventeen provinces. From the average data recorded during the same period, there were two provinces with a productivity of less than 10,000 ton/year. The annual maize productivity of six provinces in this area was higher than 100,000 ton [5] . The overall quantity of maize grown within Northern Thailand is also shown in Fig. 1. As can be seen from the graph, more than two thousand kton of maize was annually produced in this area.
Corn cob is the byproduct of maize available after milling process. The residue was estimated based on the quantity of maize and the residue-to-product ratio (RPR). For the case of corn cob, the ratio utilized in the calculations was 0.273 [Ci, 7] . According to this method, the quantity of corn cob generated was computed. The results are as in Fig. 2 . From the graph, more than 550 ktons of corn cob were available per year. The available energy from the residue was also estimated based on the lower heating value of corn cob. The heating value used for calculation purposes was 16.28 MJkg [7] . According to this value, over 9,000 GJ/year of energy from corn cob could have been obtained during the period. 
GASIFIER ENGINE-GENERATOR SET
For downdraft or co-current gasifier, the biomass material and gas produced flow downward in the same direction. 'The construction of gasifier is simple and robust. The gaseous fuel generated is considerably clean suitable to utilize with engine ~ -1 5 4 -generators. Besides, fuel with high ash content is also possible to be used with such a reactor. However, the amount of dust content in producer gas although which can be mitigated by cleaning system, is rather high. Based on small-scaled biomass power generation, it is apparent that downdraft gasifiers account for the lowest cost per unit of primary energy saving [SI. There were several reports about successful small-scaled downdraft gasifier-engine set. Producer gas at the exit line with tars level less than 5 mg/Nm3 or down to 0.01 mg/Nm3 (Unmeasurable value) was also reported [9, 10] . In addition, a lower value of tars content obtained below 10 mg/Nm3 was also reported for multi-stage gasifier [ll] .
The acceptable level of dust content in producer gas is less than 50 mg/Nm3, however the value less than 5 mg/Nm3 is preferred. A system in Indonesia, which consists of a 10 kW Otto engine, downdraft gasifier and cleaning system, is an example for the system produced gas with dust content less than 0.1 mg/Nm3. Settling tank and bag filters were utilized for gas cleaning purpose. Nevertheless, with regards to a rice husk gasifier-Diesel engine generator set for 15 kW community electricity purpose, the level of dust content is increased from the previous example but it is still less than 50 mg/Nm3. The cleaning system of the latter comprises five cyclones, scrubbers and coconut fiber [lo] .
Synchronous and induction generators are two basic types of generator utilized for on-site power plant. Generally, synchronous generators are preferred for standby or reserve applications. Besides, such generator is also suitable for isolated electricity generation for remote areas. Grid connected system is more suitable for the induction generaQr as reactive power is required for the operation of the system. When the system is connected to the utility grid, the necessary VAR can be supplied from the grid. However, the generator is also possible to be utilized for independent power generation. An example is the use of self-excitation induction generators (SEIG) with connecting capacitors across terminals of generator [12] .
IV. MATHEMATICAL MODELING
An understanding of the parameters affecting the performance of the system is important for the design and operation of a gasifier engine-generator set. It is widely accepted that a simple tool for that purpose is a mathematical model. Several models for assessing the gas properties and the system characteristics have been developed [13,14]. An equilibrium model is a kind of mathematical model used in the case of gasifier. Generally, the model comprises sets of linear and non-linear equations of chemical species conservation. Also, equations for thermal equilibrium of the reactions were also included in the model. For down draft gasifier, a mathematical model used for wood fuel assessment has been reported [l5] . In this study, the wood model was modified for corn cob fuel evaluation.
According to detailed analysis, corn cob consists of nitrogen (N), carbon (C), hydrogen (H), oxygen (0), sulfer (S) and ash. However, as nitrogen proportion in corn cob is considerably low, less than 3% [16] , the data in the,analysis, therefore, is usually given on a C-H-0 basis. For this paper, the compositions of corn cob used are 46.20%, 4.90%, 43.20%, 1.2%, 0.30% for C, H, 0, N and S respectively. Ash in the material was also reported as 2.4% [17] .
As nitrogen and sulfer proportions are considerably small, the typical chemical formula of corn cob material, based on a single atom of qarbon, may be expressed as CH~,2700,7~~ The gasification reaction is as the following: CH,,,,O,,, + wH,O + mO, + 3.76mN2 = x,H,+ x,CO+ ~$ 0 , + x4H20 + x,CH4 + 3.76mN2 (1) Where x, to x, represent the coefficients of product constitutions. m is the amount of oxygen needed per kmol of corn cob. For the known moisture content (MC, %), the amount of water per kmol of corn cob (w) can be calculated from
Six equations are needed for solving the unknowns, hence the equations of carbon balance, hydrogen balance, oxygen balance, equilibrium constant from methane formation, equilibrium constant from shift reaction and heat balance equation, as the following, were utilized to solve the unknowns. (13) Where, based on dry mass basis, the parameters C, H, S, 0, N and A represent .the percentage of carbon, hydrogen, sulfer, oxygen, nitrogen and ash contents in biomass respectively. According to the equation, the heat of formation for (11) is 17.3966 MJ/kg, or 425695 kJkmol. Thus, the value for (12) is The specific heat is dependent on the temperature of substance and can be calculated by using the following equation [15] :
Where R is the universal gas constant, 8.314 kJkmo1.K. A, B, C and D are the equation coefficients expressed in Table 1 . Tavg is the average value between T, and T,.
2w + 1.27 -2x, -2x, -4x, = 0 (4) 
The equilibrium constants, K, and K,, are functions of the gasification temperature. They can be calculated by using the general equations [15] . 
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The equations were resolved by using a numerical method, Newton-Ralphson. The flow chart of the model developed is shown in Fig. 3 . The system performance was also taken into account in this study. Nonetheless, it seems that utilizing producer gas for generating electricity hardly affects the performance of generator. Therefore, in this study, the effect of using the gas as a fuel for engine-generator set was focused on that of the engine. Power output of the engine depends on several factors. In this paper, the effect from converting a diesel engine into producer gas engine was studied. The power derating of the machine was calculated based on the following equations [19] .
Where, M,, which is equal to 0.86 for producer gas, is the factor due to change in the mole factor between the reactant and products. T, represents the temperature effect on pressde 'due to the change in peak temperature in engine cylinder. From the literature research, for producer gas, T, is 0.87.
Energy density factor, E,, is the ration between energy density of producer gas and that of diesel. The value for diesel fuel is 2.83 MJ/m3 [19]. With regard to the heating value of producer gas, E, can be computed from (18).
V. RESULT FROM SIMULATION
At the gasification temperature of 800 "C, the moisture content of corn cob was varied from 10% to 20%. As can be seen from the graph, the quantity of carbon monoxide is decreased with the increasing moisture content. On the contrary, the rest, which are carbon dioxide, hydrogen, water and methane, are increased with higher value of moisture content. It is interesting to be noted that the amount of methane was almost constant with any moisture content values.
The effect of the temperature of process was also studied. The compositions of the product between 800 and 1000 "C, at the same moisture content value, were compared. It was found that two of the 'product constituents, carbon monoxide and water, were increased with increasing temperature. On the other hand, with a higher temperature, the amounts of hydrogen and carbon dioxide were declined. 
VI. CONCLUSION
The system for generating electricity from corn cob has been discussed in the paper. Over 40% of maize planted-area of Thailand is in this territory. Maize is one of main agricultural products of the area. It was grown in all provinces of Northern Thailand. During the crop year period from 1998/99 to 2000/01, it was found that more than 2,000 kton of maize was generated annually.
The quantity of corn cob available was calculated based on the residue-to-product ration. Besides, with the heating value of corn cob, the energy form such a residue was also computed. It was over 9,000 GJ/year.
According to the equilibrium model, the assessment of corn cob electricity generation was conducted. The quantity of carbon monoxide in the producer gas is decreased with the increasing moisture content of corn cob. Nonetheless, it is increased with the higher gasification temperature. Besides, there is a trend that carbon dioxide, water and hydrogen content in the product are higher as the moisture content of the material is increased. These information are essential for the determination of the optimal operation of the gasifier and generation plant.
